Introduction
We witness and welcome the resurgence of interest in the study of behavioural issues in the conduct of operational research (OR) . The use of the term 'resurgence' is deliberate: the consideration of human factors in models and model-supported processes can be traced back to debates in the 1960s and 1970s (e.g. Ackoff, 1977; Churchman, 1970; Dutton & Walton, 1964) . However, whilst the socially situated nature of OR in practice has long been recognised (e.g. Keys, 1997) , it was not until the wave of recent activity triggered by Hämäläinen et al's (2013) paper in this journal that the role and impact of behaviour in OR practice regained centrality in academic and practitioners circles alike.
The very high number of proposals and submissions to this special issue shows that there is indeed widespread interest in this area, which only now has found a home base platform by the introduction of the term behavioural OR (BOR) (Hämäläinen et al., 2013) . Events such as the 2014 IFORS and 2015 EURO conference streams on BOR, the creation of a BOR national interest group sponsored by the UK OR Society, and the launch of a BOR website portal hosted by Aalto University (bor.aalto.fi) are all a clear testimony of the revival of the BOR agenda within our community.
We begin this editorial with a definition of BOR and a justification for doing BOR. Next, we draw on theories of practice to propose three key categories that provide alternative analytic foci and points of entry to BOR studies: OR actors, OR praxis and OR methods. We conclude the editorial by reviewing the contributions of the articles published in the special issue.
What is behavioural OR?
In many other fields, attention to the study of behavioural issues becomes prominent when the theoretical core of the discipline has reached maturity. This has happened in economics, finance, accounting and strategic management, as well as in cognate disciplines such as operations management, decision and game theory and environmental modelling (Bendoly, Van Wezel, & Bachrach, 2015; Birnberg, Luft, & Shields, 2007; Bruce, 2010; Camerer, 2003; Camerer & Lowenstein, 2003; Hämäläinen, 2015; Powell, Lovallo, & Fox, 2011; Von Winterfeldt & Edwards, 1986) . The development in operational research is similar and thus the current interest in BOR should not be surprising. Furthermore, as the discipline is concerned with improving human problem solving and decision making in practice, the shift towards a behavioural focus is inevitable.
As interest in developing the BOR agenda continues to gather momentum, it is important to address the question of what constitutes the domain of BOR. However, although definitions are always necessary to operationalise and study a phenomenon, we feel that it would be inappropriate to offer a single definition that would hinder how OR academics and practitioners interpret and empirically investigate behavioural issues in OR. Instead, we introduce two main streams of BOR studies that have generated attention in the field. The first stream has a long history within academic OR, and concentrates on the use of OR methods to model human behaviour in complex settings. The second stream is receiving increasing attention by both OR academics and OR practitioners, and investigates the role and impact of behavioural aspects related to the use of OR to support problem solving and decision making. While different in focus, both streams share the common goal of deploying ORsupported processes with a view to designing or improving organisational systems and operations.
We believe that work on both streams is important to advance the BOR agenda, thus allowing for many possible research topics worth pursuing. Our belief is based on two assumptions. First, we assume that work on either stream will be grounded in behavioural theories or frameworks drawn from the social sciences and organisation studies, which can help advance explanations of how ORsupported processes are actually performed in practice, and with what effect. However, we do not advocate any particular behavioural theory or framework. Nor we favour a specific research methodology to conduct BOR studies, as is the case in economics and finance. For example, we view experimental studies using psychological theories to study OR-supported processes as just one possible way of doing BOR. Second, we assume that BOR studies will go beyond description and be concerned with improving OR in practice, including the responsible use of OR methods. In short, we encourage operational researchers to use a range of theories and research methodologies in order to produce the knowledge required to deliver the best possible problem solving and decision support for individuals, groups and organisations.
Why do we need more understanding about behavioural issues in OR? The cornerstones of operational research are naturally the optimization and systems modelling methods that have been developed, in which attention to behaviour might not seem a primary concern. However, behavioural aspects become relevant when transferring these methods to practical use. It is not enough to have a technically correct and valid model; we also need designed OR intervention processes in which human aspects have been taken into account.
OR actors, OR praxis and OR methods
There is long standing tradition in decision analysis and system dynamics of doing research that models behaviour, as well as research that investigates the behavioural consequences of model use (for comprehensive treatments, see French, Maule, & Papamichail, 2009; Sterman, 2000) . More recently within mainstream OR, examples of how behaviour can be incorporated in OR models, together with studies of how behaviour affects, or is affected by OR model-supported processes are beginning to appear (e.g. Ackermann & Eden, 2011; Amini, Wakolbinger, Racer, & Nejad, 2012; Brailsford & Schmidt, 2003; Franco, 2013; Hämäläinen et al., 2013; Morton & Fasolo, 2009; Ormerod, 2014; Rouwette, Korzilius, Vennix, & Jacobs, 2011; White, 2009) . These studies encompass a wide range of topics and research methodologies that suggests a heterogeneous BOR field. In this section we draw on the practice traditions within the social sciences (Reckwitz, 2002; Schatzki, Knorr-Cetina, & Von Savigny, 2001; Turner, 1994) and organisation studies (Jarzabkowski, Balogun, & Seidl, 2007; Nicolini, 2012; Whittington, 2006) , and adopt the basic vocabulary of OR actors, OR praxis, and OR methods as an organising framework that highlights different unit of analysis and entry points for the conduct of BOR studies.
OR actors refer to those individuals who design, implement and influence OR-supported processes. These are not just operational researchers who are at the centre of OR work, but also others who engage in OR-related activity either as clients, sponsors, participants or users. All these can be seen as OR actors whose behaviour is critical to the success or failure of OR interventions and projects. From a BOR perspective, OR actors are thus an obvious unit of analysis and point of entry into the field. Currently, there a number of studies that focus on particular types of actors such as expert or novice modellers (Tako & Robinson, 2010; Tavella & Papadopoulos, 2015; Willemain, 1994 Willemain, , 1995 Willemain & Powell, 2007) , but there is still little work examining how other types of OR actors contribute to shape OR-supported processes, with few exceptions (e.g. O'Brien, 2015; Ormerod, 2014) .
What OR actors actually 'do' in practice is OR praxis, namely, all the various streams of actual OR activity carried out by OR actors. Although OR praxis involves dynamic flows of activity taking place at different organisational levels (Mitchell, 1993) , behavioural aspects of OR praxis are most visible within specific 'episodes' (cf. Luhmann, 1995) of OR-related activity such as meetings, presentations and workshops of varying duration, frequency and sequence. The domain of OR praxis is thus comprised of all the activities that are consequential for the conduct of OR work, and can be a fruitful arena for BOR studies. Some progress has been made with regards to the praxis of OR-supported workshops (Franco & Rouwette, 2011; Horlick-Jones & Rosenhead, 2007; Shaw, Ackermann, & Eden, 2003; Slotte & Hämäläinen, 2015; Tavella & Franco, 2015) , but more work is needed in this area.
Finally there are the methods that OR actors typically draw on in their praxis. OR methods refer to standardised types of behaviour that include routines for building and using models, approaches to communicating model results, and norms and procedures for intervention design, problem solving and decision making. OR methods provide the resources through which OR actors are able to interact in order to accomplish OR work, and thus also include specific OR techniques and tools as they can become a source of guidance for actual problem solving and decision making activity. Despite their standardisation, OR methods can be used in diverse and variable ways, and adapted to the uses to which they are put by OR actors (Franco, 2013; Howick & Ackermann, 2011) . They are thus an obvious area for studying behavioural issues in OR practice. For example, we might study what behavioural theories inform the design of OR methods, what OR methods are used, how use changes over time, and the consequences of different use patterns for shaping OR praxis.
BOR studies do not need to address all three categories of OR actors, OR praxis and OR methods at the same time. The categories presented here are discrete and it is possible to bracket one or more categories in any one study. In practice, however, it would be difficult to focus on one without paying attention to the others. We adopt a pragmatic position and accept that whilst any BOR study will inevitably link all three, empirically there will be different dominant areas of focus. For example, studies may foreground OR methods by focusing on modelling behaviour (e.g. Brailsford, Harper, & Sykes, 2012) , whilst backgrounding OR actors and OR praxis. More ambitious studies might bring to the fore more than one focus, for example, the interconnections between OR actors and OR methods (e.g. Monks, Robinson, & Kotiadis, 2014) , whilst leaving the praxis dimension in the background.
Introduction to the articles in the special issue
Our call for papers attracted 86 proposals, which demonstrated the scope and relevance of the BOR field, as well as its heterogeneous nature. The decision to reject specific proposals at desk level, or request them to be developed into full papers prior to send them for review, was based largely on a clear and significant consideration of behavioural issues in modelling, the design and use of ORsupported processes, or both. Invited full submissions went through several iterations, at each stage further developed and refined with the assistance of reviewers drawn from across different domain within OR. In some cases, we redirected manuscripts to the regular EJOR submission process.
This special issue opens with four essays that reflect on the relevance and promise of BOR. Brocklesby (2015) adopts a process lens to offer a carefully crafted argument about the need to study the intersection between behaviour and modelling. He then explores ways in which the BOR research agenda can be implemented, placing particular emphasis on how relevant social theories can inform research on, and communication about, the complexities of OR professional practices. Similarly, Becker (2015) highlights the need to conduct research into the relationship between behaviour and the use of OR in practice, grounded in appropriate theoretical concepts, all with a view to inform and Please cite as: . Behavioural operational research: Returning to the roots of the OR profession. European Journal of Operational Research (2015) , doi: 10.1016/j.ejor.2015.10.034 __________________________________________________________________________________________ 4 improve OR praxis. His essay also argues that for behavioural OR to prosper, we must draw upon alternative definitions of behaviour, embrace multidisciplinary, and ensure close connection with the mathematically oriented subdisciplines within OR. Collectively, these two first essays highlight issues that are important for the development of BOR as a legitimate subdiscipline within OR.
The next two essays provide conceptual frameworks for the study of behaviour in OR. The essay by Luoma (2015) offers a balanced view of the potential benefits of OR. Drawing upon the Carnegie school's tradition of organisational research, 'routine decision making' and 'problem solving' are compared and contrasted to articulate the potential advantages and disadvantages of model-based support. His framework provides useful insights into why OR practitioners may adopt some modelling approaches more readily than others, and points to new opportunities for empirical research and method development within BOR. White's essay (2015) reviews the OR literature using the lens of critical realism to extract a framework that is suggested to advance our understanding of behaviour in OR interventions. The dimensions of the framework (individual/group level; instrumental/symbolic model use; high/low issue divergence) are then suggested for studying behavioural issues in different types of OR intervention. The case of group-based OR interventions is examined further to articulate a range of behavioural-related outcomes (collective efficacy, shared mental models, and collective mind) that can be empirically measured using multiple research methodologies. Luoma's and White's frameworks provide a useful set of theoretical resources for exploring the relationship between behaviour and OR All the remaining nineteen articles in the special issue make distinct empirical contributions that highlight one or more of the elements in the actors-praxis-methods framework introduced earlier in this editorial. Behavioural issues have been on the forecasting research agenda for a long time, and typically studied under the area of judgemental forecasting. Petropulous, Fildes and Goodwin (2015) examine the effect of big losses on experts' behaviour when performing adjustments to statistical forecasts. The authors show how after a big loss, defined as a judgmental adjustment that significantly decreases the forecasting accuracy compared to the baseline statistical forecast, experts are more likely to make large adjustments in the opposite direction to the previous large error. In addition, the authors demonstrate that by adopting simple strategies (guidance, restrictiveness, Blattberg-Hoch), the negative impacts of this behaviour can be reduced. In their article on the potential value of judgmental adjustments to statistically derived inventory related decisions, Syntetos, Kholidasari and Naim (2015) found that judgmentally adjusting order-up-to (OUT) levels offers a small advantage, and that this advantage is associated with negative adjustments, whilst larger adjustments do not perform well. In addition, the authors demonstrate that when adjustments of OUT levels are accompanied by a justification for the adjustment, then this leads to an improved inventory performance. Overall, these two articles advance our understanding of the behaviour of the OR actor, in this case, the user of statistical forecasts and/or forecasting systems, and how this behaviour can be changed to improve performance. Siebert and Kunz (2015) 's article also focuses firmly upon the OR actors category. They characterize proactive decision making as a multi-dimensional concept comprised of four proactive skills (systematic identification of objectives; systematic search for information; systematic identification of alternatives; using a decision radar) and two proactive traits (showing initiative; striving for improvement), and posit that individuals high in proactive decision making are both effective decision makers and more satisfied with their decisions. They developed and validated a proactive decision making scale using a very large global data set. By developing this scale, the authors respond to the call for understanding the impact of individual differences on the use of, and satisfaction with, OR methods (Fasolo & Bana e Costa, 2014; Franco & Meadows, 2007; Franco, Meadows, & Armstrong, 2013) . Franco, Rouwette and Korzilius (2015) , adopt an experimental approach to examine how groups with different needs for closure use a model to manage conflict while completing a resource allocation decision task. They show that groups high in need for closure experienced more conflict than those with a low need for closure, but used the model to suppress the conflict as opposed to support open discussion. Interestingly, high need for closure groups were more satisfied than their low need for closure counterparts. The authors link this finding to the observation that groups with a high need for closure rejected their models and instead used simpler tools to help them reach a decision. This paper demonstrates the need to account for the effect of individual differences when designing and deploying model-based support. Also adopting an experimental approach, Lahtinen & Hämäläinen (2015) show the presence of path dependence in the implementation of the Even Swaps method. The notion of path dependence refers to the possibility that two valid but different modelling paths can lead to different modelling outcomes. The causes for this phenomenon in the use of the Even Swaps method are shown to be the accumulation of the measurement stick effect and loss aversion biases. To counter the path dependency phenomenon, the authors suggest design the path of the Even Swaps process so that the effect of its associated biases does not accumulate in favour of any single alternative.
The next two articles survey the published evidence of behavioural-related impacts associated with the use of OR methods. O'Keefe (2015) notes the long standing but thin stream of research into how operational researchers behave when constructing models, and how individuals use such models to make decisions. He undertakes a selective review of experimental behavioural research within OR and cognate disciplines, which suggests a tentative body of knowledge generated by this type of research. The emerging picture is that, to date, experimental research in OR has provided little strong evidence about model creation and use. O'Keefe then suggests three particular areas for further research: experiments where the provision of data is varied, experiments that show how the use of models can help users overcome cognitive biases, and experiment with groups engaged in model creation and use. The review by Scott, Cavana and Cameron (2015) goes beyond experimental evidence but only focuses on the case of group model building (GMB). They found that there is some evidence that GMB is more effective at supporting communication and consensus than traditional facilitation in a range of contexts. They also highlight the increasing evidence of how and why GMB affects users at individual and group levels. Proposed causative mechanisms that have received empirical support are the 'modelling as persuasion' and 'models as boundary objects ' (Black, 2013; Franco, 2013) hypotheses. The authors argue that to benefit behavioural research into the impact of GMB, future research should shift towards the use of multiple cases in applied settings, together with augmenting survey results with more objective measures .
Four papers examine empirically the impact of the use of OR methods on OR actors' behaviour. Three papers examine investigate impacts associated with the use of discrete event simulation models two studies) and system dynamics models (one study). Monks, Robinson and Kotiadis (2015) examine learning during the creation and use of a discrete event simulation (DES) model. Participants in an experimental study were trained to manage queuing problems by varying the degree to which they were involved in creating and using a DES model of a hospital emergency department. They find that people have difficulties in transferring learning from models to analogous problems in other contexts. When learning does take place, this is due to participants having sufficient time to process the structural behaviour of the model, which suggests that some thought should be given to the length of the experimentation phase of practical simulation projects. This study also highlights overconfidence as an issue when those involved in model building attempt to transfer their learning without the aid of a new model. In another DES study, Gogi, Tako and Robinson (2015) consider whether DES models do generate insights. They run an experiment in which participants were placed in three separate groups and given the task to solve using a model with only animation, a model with only statistical results, or using no model at all. Their findings show that there is only some Please cite as: . Behavioural operational research: Returning to the roots of the OR profession. European Journal of Operational Research (2015) , doi: 10.1016/j.ejor.2015.10.034 __________________________________________________________________________________________ 6 association between insights generation and using models, particularly those that only included statistical results generated from the models.
The study of system dynamics by Thompson, Howick and Belton (2015) reviews the role of mental models in learning theory to investigate how the model form associates with the timing of learning incidents and the role of social mediation and negotiation in the learning process. In contrast to the experimental methodology adopted in the previous two papers, this research is based on a multiple case study approach comprised of ten system dynamics consulting projects. Analysis of data generated from interviews with the clients and consultants who participated in these projects suggests that mental model change is associated with the occurrence of critical learning incidents. Furthermore, the timing of these incidents appears to be connected to a range of factors including the type of model used, its intended purpose, and the project stage in which it was used.
The fourth paper dealing with the behavioural impacts of OR methods investigates the debiasing role of data envelopment analysis (DEA). The decoy effect refers to the influence of content on decision making. Within the context of efficiency analysis, the decoy effect implies that the inclusion of a dominated decision making unit (the decoy) can influence the choice between non-dominated decision making units, to the extent that the non-dominated unit that is most similar to the decoy will be preferred. Ahn and Vazquez Novoa's (2015) paper reports the results of an experiment to assess whether the decoy effect is present when decision making units are compared against each other, and whether the use of DEA -namely, the incorporation of efficiency scores and existing slacks-can act as a debiasing tool. The results show that adding a dominated decision making unit to the set of decision making units augments the attractiveness of certain dominating units, and that DEA efficiency scores discriminating between efficient and inefficient units serve as an appropriate debiasing procedure. The mention of slacks also contributes to reducing decoy bias, but is also associated with a higher proportion of participants choosing the dominated unit, irrespective of whether slack information is positively or negatively framed. This paper adds to the increasing volume of work regarding the role OR methods in debiasing.
The following two papers are distinct from the ones introduced insofar as they address directly the praxis of OR. Velez-Castiblanco, Brockelsby, and Midgley (2015) present a fine-grained study of how a team of OR practitioners designs an intervention. Using a theory of 'boundary games' as a conceptual framework, the authors show how the configuration of an OR workshop to support a regional council in New Zealand is shaped by communications about boundary judgements. OR actors 'set', 'follow', 'enhance', 'wander outside', 'challenge' and 'probe' boundaries during a discussion about the context and the methods to be used in the workshop. The authors' work offers an alternative view to the normative perspective on OR intervention design that has important implications for OR academics and OR practitioners alike. The second study of OR praxis, by White, Burger and Yearworth (2015) , introduces activity theory as a means to characterise problem structuring interventions as a dynamic and complex array of people, objects, artefacts and instruments. They then use activity theory to guide their analysis of a case study drawn from an intervention that explored the use of system thinking for energy efficient planning in a UK city. Using video-recorded material and a comprehensive micro-level coding scheme, the authors show how participants in a problem structuring workshop use mediating artefacts to wrestle with the object of a "zero carbon zone", and demonstrate how a shared activity system is developed to accommodate contradictions between workshop participants' activity objects (motives). By undertaking fine-grained analyses based on audio and video recordings of actual OR activity, these two studies respond to calls for opening the black box of OR interventions at the micro-level (e.g. Franco, 2014; Franco & Rouwette, 2011; Tavella & Franco, 2015) , and extend our understanding of OR praxis beyond that currently found within the mainstream OR literature. The last six papers foreground the role of OR methods in modelling behaviour in a range of contexts. The paper by Kang, Sawyer, Griffin and Prabhu (2015) addresses the issue of poor adherence behaviour in using continuous positive airway pressure therapy (CPAP) to treat obstructive sleep apnoea. By using Markov models to characterise the dynamics and patterns of patient adherence behaviour, the authors develop a basis for designing cost-effective interventions. Fry and Binner (2015) provide insights into the increasingly important domain of managing evacuations and emergency situations, where the use of models is rapidly expanding. Specifically, the authors study several ways to measure the usefulness of information from social media in the context of emergency evacuations. Behavioural impacts are natural in the encounters of multiple people which are often modelled as games. In these settings strategic behaviour is likely to be present and in economicsrelated problems the question of interest is often to find a regulation policy which maximizes social welfare. The paper by Shi and Lian (2015) on the passengers -taxi service system falls into this category. The problem of designing contracts to coordinate supply chains is also a game theoretical one that has been extensively studied in operations management. Becker-Peth and Thoneman (2015) conducted a series of experiments to investigate behavioural aspects in supply contracts, and developed a new reference-dependent revenue sharing model. Cairns, Goodwin and Wright (2015) develop a new decision-analysis-based modelling framework to analyse stakeholder behaviour in scenario planning. The framework is designed to mitigate biases and to enable a more complex and nuanced engagement with multiple perspectives. Finally, Keller and Katsikopoulos (2015) discuss research in psychological heuristics in relation to OR, surveying empirical evidence on the conditions under which heuristics perform on par or better than more complex decision models. The authors conclude with an empirical demonstration of a very simple heuristic decision rule that could lower casualties in military stability operations.
The articles in this special issue provide clear evidence that progress is being made in developing the BOR agenda. We hope that the range of foci, theories and research methods reported in the articles we feature here will inspire others to engage with BOR. The sustainability of BOR as an area of study will depend on our ability to continually reflect on the role and impact of behaviour in OR practice, and constantly interrogate unchallenged assumptions in OR theory. Ultimately, the overarching promise of the BOR agenda is to enable a move towards better OR methods, improved OR praxis, and increasingly competent OR actors. That is, after all, what a return to the roots of the OR profession is all about.
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